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Introduction : Batterydegradationdependsnotonly oncomponentchemistrybutalso

complexphysical-chemicalprocessesduring diverseoperatingconditions,including dynamic

cycles,temperature/thermaleffects,time betweenoperations,andotherenvironmentalfactors.

In this work, thethermaleffectduringbatteryoperationis proposedto play a critical role in the

degradationof Li -ion batteries. Specifically, the heat generatedin the chargeand discharge

processesof commercialLi -ion batteriesis measuredby using electrochemical-calorimetric

method such as acceleratingrate calorimetry (ARC), aiming to disclose the relationship

betweenthermal characteristicsand the degradation/reliabilityof Li -ion batteriesfor grid

application.

Objectivesand Approaches:
ÁTo fundamentallyunderstandthe degradationmechanismandpredict the lifetime of Li -ion

batteriesin grid application.

ÁThermal effects of commercialLi -ion batteriesduring cycling are measuredby using an

electrochemical-calorimetricmethod,acceleratingratecalorimetry(ARC).

ÁBoth isoperibolicandadiabaticmodesareemployedfor heatmeasurement.

Results and Discussion: 
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I. Temperature Measurement of Commercial Li-ion Batteries under Grid and 

EV Duty Cycle Combinations (In an Isoperibolic Mode)

II. Heat Measurement by Using Accelerating Rate Calorimetry (ARC) 

in an Adiabatic Mode

The initial study indicates the operating condition (charge and discharge rate) and the 

environmental condition (temperature) have a significant effect on the thermal behavior of Li-

ion batteries, which may affect the battery degradation.  The systematical study is under way.

Li-ion batteries exhibit different thermal behaviors during diverse operating conditions 

for specific grid services (FR and PS) as well as EV application, indicating  thermal 

characteristics might be a vital factor for the degradation of Li-ion batteries.

The adiabatic mode demonstrates an effective approach of heat measurement to investigate the 

thermal behavior that is associated with the electrochemical performance of Li-ion batteries.

* The heat capacity measurement is under way; the testing cell is commercial 18650 (NCA).

Summary and Future Work:
ÁThermal effects of commercialLi -ion batteriesduring cycling were measuredby

usinganelectrochemical-calorimetricmethod,in isoperibolicandadiabaticmodes.

ÁBoth operatingandenvironmentalconditionsdemonstratedkey factorsfor thermal

behaviorof Li -ion batteriesthatmightbeassociatedwith thebatterydegradation.

ÁMore systematicalstudies(including heat measurementunder grid and EV duty

cycles,andthethermodynamicparametersmeasurement)areunderway.

ÁThe thermal data will reinforce the developmentand calibration of our state-of-

healthmodelingof Li -ion batteriesin grid application.

ÁTime : 24h grid cycle (1day)

ÁState-of-Charge (SOC) : 70, 50, 30%

ÁDepth of Discharge (DOD or �' SOC) : 20, 40, 60%

ÁPower (C-rate): Max. 0.25, 0.5 & 1 

ÁTemperature : 25oC 

ÁNumber of cells: 3~4

Variables

(a) Rate Effect (b) Temperature Effect
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